Background-This is an updated version of the original Cochrane review published in Issue 2, 2000. Dihydrocodeine is a synthetic opioid analgesic developed in the early 1900s. Its structure and pharmacokinetics are similar to that of codeine and it is used for the treatment of postoperative pain or as an antitussive. It is becoming increasingly important to assess the relative efficacy and harm caused by different treatments. Relative efficacy can be determined when an analgesic is compared with control under similar clinical circumstances.
included dihydrocodeine and placebo and either oral or injected (intramuscular or intravenous) administration of study drugs.
Data collection and analysis-Data collection and analysis: summed pain intensity and pain relief data over four to six hours were extracted and converted into dichotomous information to yield the number of participants obtaining at least 50% pain relief. This was used to calculate relative benefit and number-needed-to-treat-to-benefit (NNT) for one participant to obtain at least 50% pain relief. Single-dose adverse effect data were collected and used to calculate relative risk and number-needed-to-treat-to-harm (NNH).
Main results-Fifty-two reports were identified in the original review as possible randomised trials which assessed dihydrocodeine in postoperative pain. Four reports met the inclusion criteria; all assessed oral dihydrocodeine. Three reports (194 participants) compared dihydrocodeine with placebo and one (120 participants) compared dihydrocodeine (30 mg or 60 mg) with ibuprofen 400 mg. For a single dose of dihydrocodeine 30 mg in moderate to severe postoperative pain the NNT for at least 50% pain relief was 8.1 (95% confidence interval 4.1 to 540) when compared with placebo over a period of four to six hours. Pooled data showed significantly more participants to have reported adverse effects with dihydrocodeine 30 mg than with placebo. When compared to ibuprofen 400 mg both dihydrocodeine 30 mg and 60 mg were significantly inferior. No additional studies were found for this update.
Authors' conclusions-A single 30 mg dose of dihydrocodeine is not sufficient to provide adequate pain relief in postoperative pain. Statistical superiority of ibuprofen 400 mg over dihydrocodeine (30 mg or 60 mg) was shown. Since the last version of this review no new relevant studies have been identified. 
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BACKGROUND
This is an update of a previously published review in the Cochrane Database of Systematic Reviews (Issue 2, 2000) on 'Single dose dihydrocodeine for the treatment of acute postoperative pain'.
Opioids are used extensively in the management of pain and are believed capable of relieving severe pain more effectively than non-steroidal anti-inflammatory drugs (NSAIDs) (Alexander 1987) . The aim of this systematic review was to assess the efficacy and safety of a single dose of dihydrocodeine in the management of postoperative pain of moderate to severe intensity.
Dihydrocodeine is a synthetic opioid analgesic developed in the early 1900s. Its structure and pharmacokinetics are similar to that of codeine (Rowell 1983) and it is used for the treatment of post-operative pain or as an antitussive. In England, 2.2 million prescriptions were written for dihydrocodeine tablets in 2006, and 4.2 million prescriptions for dihydrocodeine in combination with paracetamol (PACT 2006) . This is only about one-fifth of the level of use a decade earlier. The amount of dihydrocodeine used for the treatment of postoperative pain is not known, but it is not now commonly used to treat acute pain.
It is becoming increasingly important to assess the relative efficacy and harm caused by different treatments. Relative efficacy can be determined when an analgesic is compared with control under similar clinical circumstances. Mean pain outcome values from categorical pain intensity and pain relief scales (percent of maximum possible pain intensity or pain relief; %maxSPID and %maxTOTPAR) can be converted into dichotomous information (number of participants with at least 50% pain relief) Moore 1997a; Moore 1997b) . This can then be used to derive the number-needed-to-treat-to-benefit (NNT) for at least 50% pain relief. Comparison of the NNTs against placebo for different analgesics allows a rank order of relative efficacy to be established.
OBJECTIVES
To quantitatively evaluate the analgesic efficacy and adverse effects of dihydrocodeine in moderate to severe postoperative pain. To compare its efficacy and safety to that of other analgesics assessed in the same way.
METHODS
Criteria for considering studies for this review
Types of studies-Studies were included if they were full journal publications of singledose, double blind, randomised controlled (placebo or active) trials (RCTs) of dihydrocodeine over four to six hours in postoperative pain. Multiple dose studies were included if they provided single-dose data. Study drugs needed to have been administered (by injection or orally) postoperatively to adult participants with moderate or severe pain at baseline.
Types of participants-Adult participants with established postoperative pain of moderate to severe intensity.
Types of interventions-Reports were included if they assessed participants who had been randomised to either dihydrocodeine (oral or injected) or placebo.
Types of outcome measures-Pain outcomes used were TOTPAR, SPID, VAS TOTPAR or VAS SPID over four to six hours or sufficient data provided to allow their calculation. Pain measures allowed for the calculation of TOTPAR were a standard five point pain relief scale (none, slight, moderate, good, complete) and for SPID a standard four point pain intensity scale (none, mild, moderate, severe).
Search methods for identification of studies
The following electronic databases were searched:
• Cochrane CENTRAL (Issue 3, 1999 • the Oxford Pain Relief database (handsearch records for the years 1954 to 1995 (Jadad 1996a).
The MEDLINE search strategy can be seen in Appendix 1 and was adapted for the other databases searched.
Reference lists of retrieved reports were also manually searched.
Data collection and analysis
From each study we extracted:
i. the number of participants treated,
ii. mean TOTPAR, SPID, VAS TOTPAR or VAS SPID,
iii. study duration, Mean TOTPAR, SPID, VAS TOTPAR and VAS SPID values were converted to %maxTOTPAR or %maxSPID by division into the calculated maximum value . Verified equations were used to estimate the proportion of participants achieving at least 50% maxTOTPAR (Moore 1997a; Moore 1997b) . This was then converted in to the Europe PMC Funders Author Manuscripts number of participants achieving at least 50% maxTOTPAR by multiplying the figure by the total number of participants in the treatment group. The number of participants with at least 50% maxTOTPAR was then used to calculate estimates of relative benefit and NNT.
Relative benefit/risk estimates with 95% confidence intervals (CI) were calculated using the fixed-effect model (Morris 1995). Homogeneity was assumed when P > 0.1 and was tested for using a chi-squared test. A statistically significant benefit of active treatment over placebo was assumed when the lower limit of the 95% CI of the relative benefit was >1. A statistically significant benefit of placebo over active treatment was assumed when the upper limit of the 95% CI of the relative benefit was <1. Number-needed-to-treat-to-harm (NNH) and NNT with 95% CIs were calculated (Cook 1995) . The CI includes no benefit of one treatment over the other when the upper limit is represented as infinity. Calculations were performed with the help of Excel 5.0 on a Macintosh Performa 6320.
There was no attempt at anonymisation of the studies prior to assessment. Two review authors (JE, HM) independently carried out data abstraction and quality assessments. A consensus meeting with all review authors was held to agree on the data abstracted, the quality scores, the data to be used in the analyses, and the studies for inclusion in the review.
RESULTS
Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Fifty-two published reports of dihydrocodeine in postoperative pain (359 participants in total) were identified; one could not be obtained from the British Library (Hummel 1995).
Of the retrieved studies, 18 studies were not randomised or were abstracts and were excluded. Thirty-two studies were randomised. Of the randomised studies eight were not double blind (two were single blind), five did not specify baseline pain of moderate to severe intensity, five had no extractable pain outcome data, six did not assess the analgesic properties of dihydrocodeine, three included other pain conditions (e.g. chronic/coldinduced/trauma pain) and two did not use a placebo group. These studies were excluded (see 'Characteristics of excluded studies' table).
Four studies met the inclusion criteria from the original searches. No further studies were identified in the updated searches.
Risk of bias in included studies
Each study was scored for quality using a three-item scale (see below) (Jadad 1996b); a consensus score was agreed for each study. The quality scores for individual studies are reported in the 'Characteristics of included studies' table. These scores were not used to weight the results in any way.
The three item scale is as follows:
Is the study randomised? If yes then one point 
Effects of interventions
Four studies (359 participants) met the inclusion criteria: three were placebo-controlled and one used ibuprofen 400 mg as an active control. All four studies examined the effects of oral dihydrocodeine. Three of the studies (Frame 1989; Galasko 1989; McQuay 1985) compared dihydrocodeine 30 mg with placebo, and one (McQuay 1993) compared dihydrocodeine (30 mg or 60 mg) with ibuprofen 400 mg. No additional studies were identified in the updated searches.
Oral dihydrocodeine versus placebo-No studies comparing dihydrocodeine 60 mg with placebo met the inclusion criteria. Three studies compared dihydrocodeine tartrate 30 mg (97 participants) with placebo (97 participants). One study investigated dental pain (Frame 1989) , one orthopaedic pain (Galasko 1989) , and one pain following minor day-case surgery (McQuay 1985) .
The proportion of participants experiencing at least 50% pain relief with dihydrocodeine varied between 14% and 50% (mean 32%). The proportion of participants experiencing at least 50% pain relief with placebo varied between 5% and 50% (mean 20%). Dihydrocodeine 30 mg was significantly different from placebo, relative benefit 1.6 (1.01 to 2.5). For a single dose of dihydrocodeine 30 mg compared with placebo the NNT was 8.1 (4.1 to 540) for at least 50% pain relief over four to six hours in postoperative pain of moderate to severe intensity.
Adverse effects:
The most frequently reported adverse effects were nausea, vomiting, headache, and central nervous system effects (dizziness/drowsiness/confusion). All were mild, transient in nature and no participants withdrew as a result.
Participants reporting any adverse effect: Information on the number of participants reporting any adverse effect was pooled. The proportion of participants who reported adverse effects was 13/67 with dihydrocodeine 30 mg and 4/69 with placebo. The relative risk was 3.4 (1.2 to 9.8) and the NNH was 7.4 (4.1 to 38).
Particular adverse effects:
There was no significant difference in the reported incidence of particular (e.g. drowsiness) adverse effects with dihydrocodeine 30 mg than with placebo.
Oral dihydrocodeine versus ibuprofen-One study (McQuay 1993) compared the efficacy and safety of either dihydrocodeine tartrate 30 mg (40 participants) or 60 mg (40 participants) with ibuprofen 400 mg (40 participants) in dental pain.
The proportion of participants experiencing at least 50% pain relief with dihydrocodeine 30 mg was 8%, with dihydrocodeine 60 mg it was 15%, and with ibuprofen 400 mg (active control) it was 45%. A statistical superiority of ibuprofen 400 mg over dihydrocodeine 30 mg and dihydrocodeine 60 mg was shown, relative benefit 0.2 (0.05 to 0.5) and 0.3 (0.2 to 0.8) respectively. Ibuprofen 400 mg was significantly more effective than dihydrocodeine 30 mg or dihydrocodeine 60 mg. The NNT for a single dose of ibuprofen 400 mg compared to dihydrocodeine 30 mg was 2.7 (1.8 to 5.0) for at least 50% pain relief over a period of four to six hours in postoperative pain of moderate to severe intensity. For a single dose of ibuprofen 400 mg compared to dihydrocodeine 60 mg the NNT was 3.3 (2.0 to 9.1) for at least 50% pain relief over a period of four to six hours.
Adverse effects:
No single dose adverse effect data were presented (McQuay 1993).
DISCUSSION
We found no studies which investigated injected dihydrocodeine in the evaluation of postoperative pain with standard analgesic measurement methods.
For a single dose of oral dihydrocodeine tartrate 30 mg compared with placebo the NNT was 8.1 (4.1 to 540) for at least 50% pain relief over four to six hours in postoperative pain of moderate to severe intensity. This means that one in every eight participants with moderate to severe postoperative pain would experience at least 50% pain relief with dihydrocodeine 30 mg who would not have done with placebo.
A rank order of single dose analgesic efficacy in postoperative pain of moderate to severe intensity has been established by comparing orally administered analgesics from methodologically similar studies. This rank order has been published previously, both in its entirety (McQuay 1998), for third molar extraction studies only (Barden 2004) , and as individual reports (Collins 1998a; Collins 1998b; Moore 1997c; Moore 1997d) . It is also available on the World Wide Web (http://www.jr2.ox.ac.uk/bandolier/painres/painpag/ Acutrev/Analgesics/Leagtab.html) or is available from the authors. The rank order shows the results of a number of meta-analyses which compare analgesic with placebo in acute postoperative pain. The point estimates of the NNTs of many of these analgesics are lower (better) than that of dihydrocodeine 30 mg (for example: paracetamol, paracetamol plus codeine and dextropropoxyphene plus paracetamol) although the CIs overlap. The CIs of the NNTs for ibuprofen 400 mg, tramadol 150 mg and ibuprofen 200 mg do not overlap with those of dihydrocodeine 30 mg indicating greater analgesic efficacy.
This rank order of relative efficacy against placebo is supported by a head-to-head comparison with ibuprofen (McQuay 1993). The analgesic efficacy of a single dose of oral ibuprofen 400 mg was significantly better than dihydrocodeine (30 mg or 60 mg). The NNT was 2.7 (1.8 to 5.0) for at least 50% pain relief over a period of four to six hours in postoperative pain of moderate to severe intensity. This means that for every three participants with moderate to severe postoperative pain treated with ibuprofen 400 mg one will experience at least 50% pain relief who would not have done if given dihydrocodeine 30 mg. Similarly, for a single dose of ibuprofen 400 mg compared with dihydrocodeine 60 mg the NNT was 3.3 (2.1 to 9.0) over a period of four to six hours. Nausea, vomiting, headache, dizziness, drowsiness and confusion were the most commonly reported adverse effects with a single dose of oral dihydrocodeine 30 mg compared with placebo. Significantly more participants reported at least one adverse effect with dihydrocodeine 30 mg than with placebo; the NNH was 7.4 (4.1 to 38). This means that for every seven participants treated with dihydrocodeine 30 mg one would experience an adverse effect who would not have done with placebo.
Our results suggest dihydrocodeine to be less effective than other analgesics when administered as a single oral dose. Few of the retrieved reports investigating oral dihydrocodeine met the criteria for inclusion in this quantitative systematic review. This resulted in little participant data being available for analysis, particularly for dihydrocodeine 60 mg which is often the preferred dose. Administering dihydrocodeine in multiple doses may improve its analgesic efficacy, but may also increase the incidence of adverse effects (McQuay 1993) .
AUTHORS ' CONCLUSIONS Implications for practice
The update of this review has not identified any further information to provide evidence for or against the use of single dose dihydrocodeine for acute postoperative pain. Based on the limited amount of information in the available studies, a 30 mg dose of dihydrocodeine is not sufficient to provide good pain relief and higher doses are required. When compared with ibuprofen 400 mg, fewer participants benefited with dihydrocodeine (30 mg and 60 mg).
Implications for research
The annual prescriptions for dihydrocodeine in the UK alone indicate it to be a commonly used drug. To date, there is not enough high quality data available, especially for dihydrocodeine 60 mg, on which to make policy decisions.
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WHAT'S NEW
PLAIN LANGUAGE SUMMARY
Dihydrocodeine in a single dose in the treatment of acute postoperative pain
This review assessed the efficacy of single-dose dihydrocodeine in adults with moderate/ severe postoperative pain using information from randomised placebo controlled trials.
There was a lack of data that could be included in the analyses; all assessed the oral form of the drug and none assessed dihydrocodeine 60 mg. The results were not robust. The implication was that single-dose oral dihydrocodeine 30 mg was more effective than placebo, but was inferior to ibuprofen 400 mg. Dizziness, drowsiness and confusion were commonly reported.
